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ABSTRACT 


As a major shift in education technologies, Adaptive Learning Systems (ALS) use artificial intelligence and 
similar technologies, adapting the lessons to the needs of individual students. Emphasizing transformative 
pedagogy and teaching strategies that transform the learners' cognitive and interactive patterns, this study 
presents a comprehensive bibliometric analysis of ASL. Contrary to conventional teaching methods, ALS 
alters dramatically the way students think and interact with their environment. This research has utilized an 
all-inclusive bibliometric analysis to analyze the evolution, trends, and themes in ALS by using an 
extensive set of data from the Web of Science (WoS) and Scopus. The primary objective of Bibliometric 
analysis is to map the development of ALS in teaching and learning while marking the important trends, 
models, and thematic priorities. The relevance of this research lies in its comprehensive analysis of the 
Adaptive Learning Systems (ALS) field through bibliometric methods, offering critical insights into the 
trends, key contributors, and thematic developments over time. The systematic evaluation enables the 
appraisal of the impact created by major contributors like authors, organizations, journals, etc. The study 
also examines, using the advanced data collection technique, influential articles, and publications that 
enormously contributed to shaping ALS. Similarly, it does the rating effectively upon evaluating the mutual 
relationships among important terms, concepts, and factors through co-references and co-occurrences. It 
highlights the increasing scholarly output and identifies key contributors and influential works, 
underscoring the growing recognition of ALS's importance due to technological advancements. The study's 
findings on global research contributions, thematic analyses, and collaboration networks offer new insights 
into the field's dynamics, setting a foundation for future research directions. To visually represent 
bibliometric data, web analytic tools are used, explaining intricate relationships and thematic clusters. 
Identifying the unexplored areas and discussing the practical implications of ASL development, research, 
and analysis of combined data taken from WoS and Scopus provides a unique perspective. Consequently, 
researchers, educators, policymakers, etc., get valuable insights that enable advancing and understanding 
the area. This bibliometric analysis will undoubtedly guide future research in the area of transformative 
pedagogy as it is the most sought-after method in understanding the scholarly landscape of ALS 


Keywords: Adaptive Learning System, Bibliometric Analysis, R-Studio, Biblioshiny 


1. INTRODUCTION customized learning experience and adapts itself 
to the individual needs of the student (1). While 
allowing customization of course materials to 
meet the individual needs of each learner, this 


An adaptive learning system, the most modern 
innovation in education technology, provides a 
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system assesses students’ academic performance 
by using advanced logarithms as well (2). It 
means that personalization is the unique feature 
of this learning system, and it guarantees a 
thoughtfully adjusted course content and learning 
pace in order to suit individual needs and 
abilities while marking the area where 
modifications are required and identifying the 
personal interest of each student (3). This is how 
it provides an adaptive learning experience and 
regular feedback, enabling students to notice 
their academic progress and identify weaker 
areas where their focus is required. In this system 
of learning, the trajectory of learning is perfectly 
adjusted in accordance with the level of students' 
academic performance and engagement (4,5). It 
ensures that the challenges encountered are 
appropriate and achievable. By gathering in- 
depth data on students' performance, this system 
invariably generates analytics on learning trends 
and the effectiveness of learning content (6,7). 
While promoting student participation and 
motivation, this approach enormously caters to 
learners with diverse learning needs, and 
enhances accessibility and inclusivity within the 
educational domain. Such a utilization of 
learning resources allow educators and 
educational institutions to satisfy various 
learning deeds of their student population (8,9). 
In fact, the advent of Adaptive Learning System 
paved way to revolutionizing the conventional 
education system which, in the aftermath, turned 
to a more personalized, interactive, and 
knowledge- based education with significantly 
improved overall quality, efficacy and learning 
engagement (4). One of the unique features of 
Adaptive Learning System is the ability to 
provide immediate information and insight from 
data analysis. Students receive prompt feedback 
on their endeavors so that they get immediate 
recognition and correction of errors. The 
information collected in this system is of great 
value as it helps teachers to identify learning 
pattern, plan teaching method, predict learning 
outcome, and so on. Having acknowledged the 
learning potential of ALS in revolutionizing the 
conventional education system, various 
governments and academics across the word 
enthusiastically came forward to implement this 
system. Numerous studies vouch for the 
tremendous impact of Adaptive Learning System 
(ALS) and how it effectively enhances students’ 
academic performance, heightens motivation, 
and improves self-efficiency (1,10). 


Apart from this, it is worth noting that Adaptive 
Learning System (ALS) tackles equality issues 
effectively within the educational domain as it 
offers personalized assistance to students from 
various social backgrounds and with distinct 
learning preferences (11) . The present study 
explores the biometric domain of Adaptive 
Learning System (ALS), examining the scope of 
expansion and trends of scholarly research in this 
area. By analyzing public trends, author network, 
and co- occurrence, we aim to find out the 
primary focus area, new research trajectories, 
impactful and scholarly discourses surrounding 
Adaptive Learning System. Bibliometric study 
is expected to throw light on the status of the 
latest ALS research by revealing the priority area 
and possible knowledge gaps. As such, these 
data will certainly contribute to establishing 
effective means of implementing ALS with a 
vehement influence on future research programs 
as well. The analysis of ALS influence on 
instructional design, assessment method, and 
teachers’ professional development, this study 
will reveal how this system is reshaping the 
responsibilities of educators and creating an 
educational setting where students’ engagements 
and needs are the priority (2). 


Bibliometrics analysis, quantitative assessment 
system, plays a crucial role in analyzing 
literature even when sophisticated technology 
rules the roost (12,13). The most effective 
method with powerful tools makes the system 
outstanding and it produces assessment results 
with optimum accuracy. As such, it will enable 
the researchers to arrive at a_ significant 
conclusion prior to determining the efficacy of 
the pattern, trend, connections, Co-occurrence, 
and logical order in any piece of academic 
literature anywhere in the world (14-17). To 
comprehend well the setup and the study field, 
Bibliographic information such as citations, 
publication date, author affiliations, keywords 
remain the pivotal factors (18-20). Moreover, 
Biometric Analysis is not only determining the 
authors’ influence but also seeing the impact of 
journals in the field and tracking the research 
methods adopted to identify the emerging trends 
(21,22). This method helps the readers gather 
comprehensive details on the intellectual concept 
as well as the social structure in the related field. 
Likewise, they also draw information as to how 
those social structures underwent notable 
changes from time to time (23,24). The number 
of academic publications may increase but the 
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importance of Bibliometrics will remain the one 
and only reliable method for the scientific 
analysis and logical understanding while 
enhancing the efficacy of disseminating 
information. 


A well-known software called Biblioshiny 
associated with the bibliometric R- package 
intended for analyzing and _ visualizing 
bibliographic data, offers a user- friendly online 
interface for carrying out effective bibliometric 
analysis without R- coding knowledge (25-27). 
Users could use the R- bibliometric package, 
employing a variety of indices and techniques, to 
analyze data from scientific publications to 
identify trends and insights. Hence biblionshiny 
streamlines the process with this instinctive 
interface over the bibliometric package (27-29). 


From the previous studies, we have found out 
that the bibliometric analysis conducted so far 
has not yet combined data from both Web of 
Science and Scopus. Also, in the realm of 
academia and research, studies on the relevance 
of Adaptive Learning Systems have not yet been 
conducted so far. The Issues found in Knowledge 
Creation are Data Inconsistencies and Data 
Duplication. WoS and Scopus may have 
variations in their data coverage, citation counts, 
and indexing methods. These inconsistencies can 
lead to discrepancies in the results obtained from 
the two databases, impacting the reliability of the 
analysis. To remove the inconsistencies, we 
prepared the data. Duplicate records for the 
same publication across the two databases may 
cause inflating citation counts and inaccuracy of 
data. To avoid that we removed the duplicate 
records using PRISMA method. 


The objectives of this analysis are 

1. To identify the scientific research 
output of the topic Adaptive Learning 
System 

2. To identify the most relevant journals 
and authors in this area of research. 

3. To identify the geographical 
significance of ALS in research. 

4. Detecting emerging themes and gaps in 
the literature. 

5. Providing recommendations for future 
research. 


2. LITERATURE REVIEW 


Chen S., & Zhang J. (2008) examine the 
possibility of integrating Computerized Adaptive 
Testing (CAT) into an adaptive learning system 
to effectively evaluate learner’s ability level. 
They discuss the method of this integration and 
analyze the algorithms based on item response 
theory and the three- parameters logistic model. 
While CAT is designed to update the learners’ 
ability level in the student model, it permits the 
system to support personalized learning through 
adaptive content and navigation. This study also 
facilitates understanding the mechanism of 
adaptive testing in learning systems and the 
impact on personalizing learning experience (3). 


Jia, B., Y., & Zhang, J. (2012) addresses the 
noticeable challenges in learner modeling within 
adaptive learning systems, and exposes issues 
such as unscientific attention dimensions and 
ineffective representation methods. The authors 
in their reports come out with a new learner 
model with focus on three major characteristics 
ic. knowledge level, cognitive ability, and 
preference. Based on the experiment result, they 
validated the model's effectiveness in source 
organisation and learning path optimisation 
while showcasing the practical utility in adaptive 
learning (8). 

Ding, Zhu, and Guo, in their study (2018), 
introduce a novel learner model exclusively 
designed for Adaptive learning systems with an 
emphasis on four fundamental factors such as 
basic information, learning style, knowledge 
level and cognitive ability. The study further 
explores techniques for  initialising and 
modifying these characteristics, highlighting the 
comprehensive approach of the model that offers 
unique benefits in online education and improves 
the effectiveness of adaptive learning systems. 
They demonstrated this model's practical 
usability and validity by implementing it on the 
Moodle platform (4). 


Shao X. (2022) explores personalized 
recommendation technology in adaptive learning 
systems through a specific case study of a Java 
programming course. In their research, they 
incorporate an algorithm for collaborative 
filtering recommendation to create a personal 
adaptive learning question bank system, ensuring 
improved learning efficiency and academic 
achievement. This study also shows how the 
practical application of personalised 
recommendation is used in adaptive learning 
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systems. In addition, it serves as a highly reliable 
reference for other adaptive learning systems that 
use personalised recommendations (5). 


Haug J., Fisher D., & Hagel D. (2023) introduce 
a version of the compact learning style 
questionnaire index appropriate for adaptive 
learning systems in higher education. Their study 
pinpoints the necessity of accurately identifying 
individual learning preferences and styles, which 
is essential for user-centric adaptive learning. 
Essentially, this study focuses on the necessity 
for practical tools to remember students’ learning 
preferences in adaptive learning systems, which 
could solve the cold start problem. The proposed 
abridged version of the questionnaire, supported 
by statistical analysis, is the paradigm of a 
notable advancement in enhancing __learner- 
benefiting in adaptive systems (30). 


Huang Y., Fan Y., Zhuang Z., & Tong M. (2023) 
present a dynamic model for adaptive learning 
systems that combines system dynamics and 
inverse control theory. They focus more on the 
analysis of the fundamental principles and 
operational mechanisms. They use system 
identification methods and adaptive filters to 
model learners and learning strategists. This 
study, beyond doubt, presents an innovative 
method for comprehending the functional 
mechanisms of adaptive learning systems, 
illustrating the theoretical base of their design 
and advancement (10). 


3. MATERIALS AND METHODS USED 


The relevant scholarly papers pertinent to 
the analysis were retrieved from the core 
collections of WoS and Scopus databases. On 
November 22, 2023, we searched using 
keywords like "Adaptive Learning System". The 
data comprised conference papers, Book 
chapters, and articles from peer-reviewed 
journals. The search was performed without 
regard to language restrictions. We extracted 833 
documents between 1969 and 2023 from 501 
distinct sources from Scopus, as shown in Table 
1. Similarly, we retrieved 82 papers between 
1997 and 2023 from 54 different Web of Science 
core collection sources, as shown in Table 1. The 
two data sources were combined using RStudio, 
which helped us remove any duplicates resulting 
after the merge operation. Eighty-one duplicates 
were detected. A total of 834 articles were 
chosen for study after the elimination process. 


The results were saved as an "excel" file, and we 


performed 


a_ bibliometric 


analysis of the 


information using Biblioshiny. Table 3 provides 


detailed information 


regarding the primary 


components and aspects of the study. 


Table 1: Crucial Elements of the Research from Web 


of Science 
Description Results 
TITLE-ABS-KEY ("Adaptive 
Learning System" ) AND ( 
LIMIT-TO ( DOCTYPE, "cp" 
) OR LIMIT-TO ( DOCTYPE, 
"ar" ) OR LIMIT-TO ( 
Query DOCTYPE, "ch" ) ) 
MAIN INFORMATION ABOUT DATA 
Timespan 1969:2024 
Sources (Journals, 
Books, etc) 501 
Documents 833 
Authors 2046 
DOCUMENT TYPES 
article 287 
book chapter 39 
conference paper 507 


Table 2: Crucial Elements of the Research from 


Scopus 
Description Results 
"adaptive learning system" 
(Topic) and Article or 
Proceeding Paper or Early 
Query Access (Document Types) 
MAIN INFORMATION ABOUT DATA 
Timespan 1997:2023 
Sources (Journals, 
Books, etc) 54 
Documents 82 
Authors 267 
DOCUMENT TYPES 
article 74 
article; early access 3 
article; proceedings 
paper 5 
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Table 3: Research facets from Web of Science and 


Scopus increased funding, the emergence of new 
research fields, the rise of digital publishing, or a 
Description Results combination of these factors. A dramatic peak in 
article production has been observed in recent 
MSN EOE STON SeOUS Ee years, an in 2022, which might reflect a 
Timespan 1969:2024 surge in research, perhaps in response to global 
Sources (Journals, 503 events such as the COVID-19 pandemic or other 
Books, etc) significant scientific developments. Notably, 
Documents 834 there is a sudden decline in the number of 
Annual Growth articles in 2023, which could be attributed to 
Rate % 1.27 incomplete data collection if the year has yet to 
Document Average conclude, or it may represent a natural decrease 
Age 8.06 in scientific output. 
Average citations em Annual Scientific Production 
9.215 j 
per doc | 
References 20295 f ie 
DOCUMENT CONTENTS 
Keywords Plus (ID) 3514 
Author's Keywords | 
(DE) ai ~~ 
AUTHORS 
Authors 1964 7 we 
Authors of single- 82 JU ee 
authored docs 
DUTHORS EOLLABORATION Figure 1: Annual scientific article production from 
Single-authored 93 1969 to 2023 
docs 4.2 Most Relevant Sources 
Co-Authors per 3.28 
Doc __ Most Relevant Sources provides insight into the 
International co- 0.1199 document distribution across various scholarly 
authorships % sources. The most prominent source, "Lecture 
DOCUMENT TYPES Notes in Computer Science," stands out with 64 
aeicle 288 documents, suggesting itisa primary publication 
venue in this dataset. "Advances in Intelligent 
article; early access ! Systems and Computing" and "ACM 
article; proceedings 2 International Conference Proceeding Series" 
paper follow with 23 and 20 documents, respectively, 
book chapter 38 indicating their significant but lesser contribution 
Gontreace paper 505 than the leading source. A gradual decline in 


4. RESULTS 


4.1 Annual Scientific Production 


Figure 1 depicts the annual scientific article 
production trend from 1969 to 2023. Initially, 
from 1969 to the early 2000s, the production of 
scientific articles was relatively stable and low, 
indicating a consistent level of scientific research 
output during this period. However, starting in 
the early 2000s, there was a noticeable increase 
in the number of articles produced, suggesting an 


expansion in scientific research, possibly due to 


document numbers is observed among other 
sources, such as "CEUR Workshop Proceedings" 
and "Communications in Computer and 
Information Science," implying these sources are 
relevant but not as dominant. The least 
represented sources, "Computers and Education" 
and "Applied Mechanics and Materials," with 6 
to 8 documents, may suggest they are niche or 
emerging venues in this research field. 
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Most Relevant Sources 
APPLIED MECHANICS ANO MATERIALS I 6 


COMPUTERS AND EDUCATION [I 3 
ADVANCES ININTELUGENTAND SOFT COMPUTING [I 8 


LECTURE NOTES IN 


WORKS AND SYSTEMS IN 22 


INTERNATIONAL JOURNAL OF EMERGING TECHNOLOGESIN LEARNING [III 35 


COMMUNICATIONS IN COMPUTER AND INFORMATION SCIENCE INN 14 


yurces (Journals) 


Soi 


CEUR WORKSHOP PROCHCONGS A 17 
ACM INTERNATIONAL CONFERENCE PROCEEDING SERES ET 20 


ADVANCES ININTELLGENTSYSTEMS ANOCOMPUTNG mm 23 


10 40 50 


30 
No. of Documents 


Figure 2: Most Relevant Sources 


4.3 Core Sources by Bradford's Law 


Figure 3 depicts a representation of Bradford's 
Law through a graphical plot showing the 
distribution of scientific articles across various 
sources. The law suggests that a core group of 
journals yields the most articles on a specific 
subject, evident from the highlighted area labeled 
"Core Sources." The steep decline from this core 
group on the graph indicates that a few journals 
publish many articles, while a much larger 
number of journals publish progressively fewer 
articles each. The y-axis denotes the number of 
articles, and the x-axis, using a logarithmic scale 
for ranks, illustrates the diminishing frequency of 
articles as one moves away from the core 
sources. "Lecture Notes in Computer Science" 
stands out as the top source, with others like 
"Advances in Intelligent Systems and 
Computing" following suit, demonstrating the 
central role these publications play in their 
respective fields. The flattening curve towards 
the right end of the graph exemplifies the long 
tail of Bradford's Law, where numerous sources 
contribute minimal articles, highlighting the 
concentration of relevant literature in a few key 
sources. 


Core Sources by Bradford's Law 


\ Core 
< ‘ Sources 


2 


Source log(Rank} 


Figure 3: Core Sources by Bradford's Law 


4.4 Most Relevant Authors 

Most Relevant Authors visualises the number of 
documents attributed to each author, providing 
insight into their relative contribution and 
prominence within the research field. The chart 
identifies "VITTORINI P" as the most prolific 
author with 19 documents, followed by "DI M 
T" with 18, suggesting these individuals are 
significant figures in their domain. A tier of 
authors, including "GENNARI R," "CHEN §S," 
and others, contribute between 7 to 11 
documents, indicating a robust activity level. 
Those authors represented with the most 
miniature bubbles, such as "HWANG G" and 
"ZHANG J," with 7 to 8 documents, while 
contributing fewer works, are still notable within 
the dataset. 


Most Relevant Authors 


» 
u 
s 
z 1 
Fi 
' : : s 
Authors 


Figure 5: Most Relevant Authors 


No. of Do 


4.5. Countries' Scientific Production 

Table 4 reveals that China leads in a specific 
measure with a frequency of 149, followed by 
the USA at 127, indicating their dominant 
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positions in producing scientific publications on 
Adaptive Learning Systems. Countries like 
Morocco, Italy, and Germany also have 
significant, though lower, frequencies, 
showcasing a global spread in the measured 
aspect. 


Table 4 Countries' Scientific Production 


4.6. Most globally cited documents 


Most Global Cited Documents provide a 
comprehensive view of scholarly paper impact, 
with columns detailing each paper's title, Digital 
Object Identifier (DOJ), total citations, annual 
average citations, and normalised total citations. 
Total citations reflect a paper's overall influence 


: - in its field, while the yearly citation rate indicates 
Noe: | Resin rede its ongoing relevance. Including a 'Normalised 
1 China 149 TC' column suggests an effort to compare papers 
2 USA 127 across different fields and publication years. This 
dataset is a crucial resource for bibliometric 
3 Morocco 52 analysis, highlighting various disciplines’ most 
4 Italy 40 influential academic papers. 
5 Germany 35 
6 India 28 
7 UK 25 
8 Indonesia 20 
9 Canada 18 
10 | South Korea 18 
Table 5: Most globally cited documents 
N Total TC/ Normalis 
Aa ileal pol Citations | Year | ed TC 
1 10.1016/J.Chb.2015.0 
Truong HM, 2016, Comput Hum Behav | 2.014 317 | 39.63 19.99 
2 10.1016/J.Compedu.2 
Tseng JCR, 2008, Comput Educ 007.08.002 239 10.15 
3 | Bull S, 2007, Int J Artif Intell Educ NA 217 | 12.76 7.13 
4 | Mccormack MD, 1993, 10.1190/1.1443352 166 5.35 1.98 
5 | Yang T-C, 2013, Educational 
Technology and Society NA 147 | 13.36 8.64 
6 | Shute VJ, 2012, Adaptive Technologies 10.1017/CBO978113 
for Train and Education 9049580.004 137 | 11.42 11 
7 | Sinclair AJ, 2008, Environ Impact 10.1016/J.Eiar.2007.1 
Assess Rev 1.001 130 8.13 5.52 
8 10.1016/J.Compedu.2 
Afini Normadhi NB, 2019, Comput Educ | 018.11.005 98 19.6 9.91 
9 10.1016/J.Caeai.2021. 
Kabudi T, 2021, Comput Educ 100017 94 | 31.33 22.3 
1 | Roberts-Mahoney H, 2016, J Educ 10.1080/02680939.20 
0 | Polic 15.1132774 93 | 11.63 5.87 


4.7. Reference Spectroscopy 


Figure 7 depicts the reference spectroscopy over 
time. The black line represents the total number 
of cited references, while the red line indicates 
the deviation from the five-year median. The 


graph reveals a steady increase in the number of 
references included in documents in the dataset. 
1703, there were only’ eight reference 
publications, but by 1736, this number had 
skyrocketed to 2,821, representing an increase of 
over 35,000%. The red line highlights a recent 
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divergence from the five-year median, illustrating the fluctuating popularity of different 
suggesting rapid growth in the Adaptive subjects throughout recent years. The trend 


Learning System and related fields and a surge of 


topics graph indicates a consistent upward 


trajectory in the popularity of particular subjects 

in recent years. This is attributed to various 

factors, including the ubiquity of technology, 
| widespread social media use, and fast-growing 
| technological advancement. The frequency of 
it | media learning has experienced a significant 
i i | increase in recent times, as does the term 
° ht frequency of the topic neural network. The recent 
| rise in this subject's popularity is attributed to the 
ra] Abily | advancement of artificial intelligence (AI) and 
machine learning technologies. The more the 
significance of individual learning styles and the 
need for effective teaching techniques are 
recognized, the faster those subjects gain 
popularity. The term Frequency of the Topic 
Intelligent's popularity continues to grow as fast 
as the demand for personal adaptive learning 
experiences does. The statistical study indicates a 
rising demand for an educational system that 
recognises individual needs and_ offers 
customized learning experiences. 


published new research. 


Reference Publication Year Spectroscopy 


Figure 6: Reference Spectroscopy 


4.8. Trend topics 

The trending topics from 2002 to 2022 include 
machine learning, natural language processing 
systems, learning models, deep learning, 
automatic identification, experience, education, 
computational intelligence, artificial intelligence, 
personalised learning systems, and adaptive 
learning. The image depicts a line graph 


Trend Topics 
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Figure 8: A visual indicating the popularity of Topics 
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4.9. Thematic Map 

Thematic map, the analytical tool, is meticulously 
divided into four quadrants with a horizontal axis 
measuring the relevance or centrality of the themes 
and a vertical axis gauging their development or 
density, categorising the theme based on centrality 
and development within the research area. The top 
right quadrant, labelled motor themes, remains with 
no entries but typically compromises well- 
developed central themes driving the field. 
Meanwhile, the top left niche themes include less 
major yet well-developed topics like learning 
humans and articles. However, the bottom left 


quadrant indicates emerging or declining themes, 
suggesting the absence of new themes or the 
presence of one phasing out at the time of this 
analysis. Finally, the "Basic Themes" in the 
bottom-right corner contain foundational topics 
such as "education," "teaching," and "learning 
algorithms," which are essential to the field but not 
at the cutting edge of development. Central to the 
map are "learning systems," "adaptive learning 
systems,” and "e-learning," signifying their current 
relevance and moderate development within the 
field. 


leaming ; 
human : 
article , 
Du 
a 
a ‘ 
a ai ' 
ee learning:systems 
£ e Por StsSse so sess assesses Sar esse ~~~ -adaptiveteaming systems: - - ------------------- sm i nos nh 
go eeaming 
8 
a 
education 
teaching 
learning algorithms 
Relevance degree 
(Centrality) 
Figure 10 Thematic Representation of Keywords 
node's influence. Figure 11 presents the high score 
4.9. Co-occurrence Network of the terminologies such as ‘learning system’ and 


Co-occurrence Network Analysis presents a co- 
word network analysis, used to examine concepts' 
interrelations and prominence in a specific area of 
study. It organises these concepts into nodes and 
assigns them to thematic groupings clusters. The 
"Betweenness' centrality metric indicates the extent 
to which a node acts as a bridge within the network, 
while 'Closeness' measures the average shortest 
path to all other nodes, reflecting the node's 
accessibility. The 'PageRank' value estimates the 


‘adaptive learning system’ across these metrics and 
makes the terms central and influential within the 
framework. This indicates that around these key 
factors, other significant terms like ‘learning’ and 
‘human ‘are interconnected, representing well- 
established research topics within the field, whereas 
‘human’ depicts a high centrality hinting at its role 
in linking different themes within the network 
despite a lower page rank. 


2316 


Journal of Theoretical and Applied Information Technology 
31° March 2024. Vol.102. No 6 


© Little Lion Scientific 


S< 


a 
sri 


ISSN: 1992-8645 www. jatit.org E-ISSN: 1817-3195 
@ 2 
» e . 2 * 
eo 
> @ = ww ow >. 
e > a 2 = 
2 «ada ng systems @ 
= Sapt veleamin eS 
*learning systemse $ % 2 
3 
”% » 
v 
° * cy 
® 
. 
& 
y 


Figure 11 Co-occurrence clusters in Adaptive Learning Systems 


4.10. Factorial Analysis 

Figure 12 reveals the result of a factorial analysis 
on a set of specific terms from a co-word network, 
a method employed to comprehend the structure 
and pattern of a term within a particular domain. 
Similarly, terms including learning system, 
adaptive learning system, e-learning students, and 
adaptive learning are associated with scores across 
two dimensions (Dim. 1 & Dim. 2) and are put into 
different clusters with all cited terms belonging to 
cluster 1 upon classification. The negative score on 
Dim | suggests an inverse relationship among these 
terms and represents the underlying factors. In 
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contrast, the scores on Dim.2, particularly for "e- 
learning" and "students," are higher, indicating a 
closer or more direct relationship with the factor 
represented by Dim.2. This dimension may capture 
different features or characteristics. At the same 
time, research is conducted, with cluster 1 likely 
delineating thematic grouping that shares standard 
features being highlighted by factorial analysis. 
This type of analysis is instrumental in converting 
complex data into interpretable patterns, suggesting 
how such datasets would be interconnected or 
complementary to different factors of academic 
discourses. 
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Figure 12 Factorial Analysis 
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4.10 Author Collaboration Network 

Figure 13 shows a social network analysis focusing 
on the authors' collaborative interaction. Each mode 
that represents authors or researchers is identified 
by name, i.e. Chen S., Zhang J., and Bai S. The 
dataset is classified and arranged to various vital 
metrics: Cluster indicates the classification of the 
nodes and suggests groups or patterns of 
collaboration. ‘Betwixtness’ measures the extent to 
which a node acts as a connector in the network, 
with Zhang J., displaying a higher score and 
indicates a significant role in connecting various 
collaborators. Nearness indicates the distance of 
nodes to all others, with Zhang J. repeatedly 
scoring the highest, indicating a central position in 


vittorini p 
» gennari r 
» 
e) 


the network, and PageRank hints at the importance 
or influence of the node, with Chen S., with a high 
score, proposing a_ strong presence in the 
collaborative domain. This structure and the score 
hint at the fact that nodes like Zhang J. and Chen S. 
are the critical factors in the network, with Zhang J 
standing as a chief connector and Chen S 
possessing substantial influence or centrality. An 
analysis of this kind is vital in comprehending the 
dynamic of collaboration within a specific domain 
or organisation, supplying insights regarding the 
flow of information and the structure of 
collaborative effort, as well as the way they are 
maintained. 


Figure 13 Collaboration of Authors 


5. FINDINGS AND DISCUSSION 


Scholarly papers on Adaptive Learning System 
were gathered from WoS and Scopus databases, 
amounting to 834 unique documents for study after 
duplicates were removed. From 1969 to the early 
2000s, the production of scientific articles remained 
stable and low. However, a significant increase 
began in the early 2000s, peaking dramatically in 
2022, possibly due to increased funding, new 
research fields, and digital publishing. The sudden 
decline in article production in 2023 could be due 
to incomplete data for the year or an actual decrease 
in scientific output. The visual analysis of 
document distribution highlights "Lecture Notes in 
Computer Science" as the most prominent source in 
the dataset, followed by sources like "Advances in 
Intelligent Systems and Computing" and "ACM 
International Conference Proceeding Series," with a 
notable decline in document numbers among less 
dominant sources, suggesting a varied level of 


relevance and focus in publication venues within 
this research field. 

The graphical representation of Bradford's Law in 
the study shows that a small number of core 
journals, like "Lecture Notes in Computer Science," 
publish the majority of articles in a field, with a 
steep decline in article frequency among a larger 
number of journals, demonstrating the 
concentration of significant research in a few key 
sources. The visualisation of the Most Relevant 
Authors, "Vittorini P." and "Di M T" as the most 
prolific contributors, with a secondary tier of 
authors like "Gennari R." and "Chen S." also 
showing robust activity, indicating the varying 
levels of influence and contribution among authors 
in the research field. The data on Countries' 
Scientific Production reveals China as the leading 
contributor with 149 publications, followed by the 
USA, Morocco, Italy, and Germany, showing a 
diverse geographical distribution in scientific 
output, with notable contributions from countries 
across different continents. Most Globally Cited 
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Documents highlight the significant impact of 
specific papers in the field, with "Truong H M, 
2016, Comput Hum Behav" leading in total 
citations and a range of other influential works, 
demonstrating the varied yet impactful 
contributions across years and topics in this 
academic domain. 

The Reference Spectroscopy graph shows a 
dramatic increase in reference publications in 
spectroscopy over time, with a notable surge from 
just eight in 1703 to 2,821 in 1736 and a recent 
deviation from the five-year median, indicating 
rapid growth and new research in the field. The 
Trend Topics graph from 2002 to 2022 shows a 
growing popularity in fields like machine learning, 
natural language processing, and adaptive learning, 


likely driven by advancements in technology, socia6. 


media, and a recognition of the need for 
personalised education methods and _ intelligent 
tutoring systems. The Thematic Map categorises 
themes in a research field by centrality and 
development, showing a lack of "Motor Themes" 
and "Emerging or Declining Themes" while 
identifying "Niche Themes" like "learning" and 
foundational "Basic Themes" such as "education," 
with "learning systems" and "adaptive learning 
systems" being central and moderately developed. 
The Co-occurrence Network Analysis indicates that 
terms like "learning systems" and "adaptive 
learning systems" are prominent and influential in 
the research network, with high scores in centrality 
metrics, while terms like "human" play a pivotal 
role in connecting various themes, showcasing the 
interconnectedness and _ significance of these 
concepts within the field. The Factorial Analysis of 
terms in a co-word network, including "learning 
systems" and "adaptive learning systems," reveals 
different relationships and thematic groupings 
along two dimensions, indicating how these terms 
are interconnected and contribute to various aspects 
of the research field. The author collaboration 
network analysis suggests the centrality of authors 
like Zhang J. and Chen S. in the collaborative web 
of authors, with Zhang J. being a critical connector 
and Chen S. a significant influencer, denoting the 
structure and dynamics of collaboration within the 
field. 

We have done a comprehensive analysis by 
including both quantitative (publication counts, 
citation analysis) and qualitative metrics (e.g., 
thematic analysis, trend identification) which 
permits us to explore the ALS research landscape 
more effectively. The criteria selected for analysis 
are significant as it identifies the research gaps, 
emerging trends, and future directions for ALS 


which is crucial for guiding subsequent research. 

The different criteria include 

1. Publication Volume Over Time: This allows for 
the assessment of interest and growth in ALS 
research. 

2. Key Contributors: It allows to identification the 
leading authors, institutions, and countries 
which helps to pinpoint centers of excellence 
and collaborative networks, offering insights 
into the structure and dissemination of 
knowledge within the domain. 

3. Thematic Trends: It uncovers the shifts in focus 
areas, emerging technologies, and application 
domains within ALS. 


6. RESEARCH GAPS 


The identified research gaps in "adaptive learning 
systems," determined through trend topics and 
thematic map analyses, encompass multiple crucial 
domains. Firstly, there needs to be a considerable 
disparity in incorporating emerging technologies 
like artificial intelligence, machine learning, and 
neural networks into adaptive learning systems. 
This integration is essential for improving the 
customisation and _ flexibility in educational 
experiences. Furthermore, despite the growing 
acknowledgement of various learning styles, there 
seems to be a lack of research on how adaptive 
learning systems can adequately address these 
differences, guaranteeing individualised and 
pragmatic education for diverse learners. Thirdly, 
the absence of "Motor Themes" in the thematic map 
suggests a lack of groundbreaking research in the 
field, indicating a need for innovative studies that 
could significantly advance adaptive learning. 


One of the quadrants, emerging or declining, 
precisely points out the gap in exploring new areas 
of adaptive learning systems and comprehending 
the development of available methods. It also 
shows that the probable research opportunities may 
be integrated with fundamental educational themes 
to improve their efficacy. Similarly, the increasing 
acceptance of intelligent tutoring and personalized 
learning all across the world underscores a growing 
demand for such systems. However, studies in 
effectively designing and implementing these 
systems and meeting diverse learners’ needs seem 


insufficient. It is recommended that a 
multidisciplinary approach with integrated 
technological advancements and updated 


educational theories address the issues in this area, 
focusing on individual learning preferences and 
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fostering innovative, improved adaptive learning 
systems. 


7. PRACTICAL IMPLICATIONS 


It provides educators and instructors vital insights 
into the evolution and efficacy of Adaptive 
Learning Systems, aiding in integrating these 
technologies into curricula. The responsibility for 
taking further steps on the researchers' findings and 
leveraging the implementation process primarily 
lies on _ policymakers and educational 
administrators. By effectively utilising their 
freedom and liberty in the process of decision- 
making about policies and investments, they could 
also design suitable policies for technology 
adoption in the educational setting. An overview of 
the key trends with well-defined gaps and emerging 
research areas, presented to leading academicians 
and researchers, could foster interdisciplinary 
collaboration. Using these insights effectively, 
technology developers could design user-friendly 
and inclusive products that align more closely with 
the education sector's needs. Undoubtedly, these 
advancements bring about enhanced, highly 
personalised learning experiences, and learners will 
enormously benefit from these as well. The study 
contributes to global education trends on a broader 
scale by highlighting the potential of adaptive 
learning systems in meeting diverse educational 
needs and promoting a more inclusive and equitable 
approach to education. In short, the study is a 
crucial resource in shaping educational practice, 
policies and _ technological advancements in 
adaptive learning. 


8. CONCLUSION 


The analysis we conducted highlights the Adaptive 
Learning Systems’ scholarly landscape over several 
decades. Through the analysis, we were able to 
identify the key publication venues and_ the 
influential contributors. Our findings reveal a 
global interest in ALS, with notable research output 
from countries like China and USA. The thematic 
analysis—through spectroscopic graphs, trend 
analyses, and co-occurrence networks—highlights 
the field's dynamic nature, showing rapid 
advancements in areas like machine learning and 
personalized education. This study not only charts 
the historical development and current state of ALS 
research but also sets a base for future exploration 
in the domain. The steady growth in publication 
from the early 2000s to 2022 reflects the increasing 
recognition and importance of adaptive learning 


systems driven by technological advancement and 
increased digital publishing in the educational 
sector. Prominent sources like Lecture Notes in 
Computer science and notable contributions by 
specific authors like Vittorint P. and Di M T. 
indicate the concentration of research within 
specific journals, highlighting the central nodes of 
knowledge in this field. Spectroscopic graphs and 
trend analysis reinforce this assumption and 
demonstrate a dynamic and evolving research 
landscape that shows fast-growing progress in 
machine learning, natural language processing, and 
personalised education methods. The co-occurrence 
network and thematic map analysis demonstrate a 
more profound comprehension of the relationships 
among different concepts in the field. On the 
contrary, the factorial and author collaboration 
network analysis uncovers the complex dynamics 
of scholarly partnership and thematic groupings. 
The study marks significant research gaps, 
particularly in integrating new technologies and 
adapting systems to diverse learning styles, 
pinpointing areas for future research and 
development. Generally, bibliometric analysis sets 
the stage for future advancements and applications 
in the field. It also charts the historical trajectory of 
the current research in adaptive learning systems 
while potentially revolutionising educational 
practices and outcomes. 
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